Introduction
It is wellknown that photoacid generators (PAGs) are essential compounds in UV curing and microlithography, and photobase generators (PBGs) are also expected to be promising in the fields. Although many papers on PAGs are published, those on PBGs are not so many compared with those on PAGs, and most of them are on PBGs which generated primary and secondary amines photochemically.
[ 1] N,N,N-trimethyl benzhydryl ammonium iodide [2] and Quaternary ammonium borates [3] are known as representative photobase generators which generate tertiary amines.
Recently we have found that quaternary ammonium salts (QA salts) having N,N-dimethyldithiocarbamate anions are good PBGs for the formation of tertiary amines. [4] In this paper, we report that the stability of QA salts in various solvents and their use as photocrosslinkers for poly(glycidyl methacrylate) (PGMA) films.
Experimental
QA salts I -V were prepared by the method reported previously.
[4d] That is, quaternary ammonium halides were prepared by the reaction of aryl or alkyl halides with amines and they were transformed into N,N-dimethyldithiocarbamates by the anion exchange with sodium N,N-dimethyldithiocarbamate. PGMA was prepared by usual radical polymerization. Mn = 104000, Mw/Mn 2.04, and Tg = 84.0°C Half lives of QA salts in solvents were determined by the use of absorbance at 280 nm in their UV spectra.
PGMA thin films containing 5 mol% of a QA salt (ca. 0.5 ji m-thick) were prepared from their dichloromethane solution on a silicon wafer. The films were irradiated at 254 nm with a low-pressure mercury lamp (Ushio ULO-6DQ, 6W) at room temperature in air. The insoluble fraction of the films was determined by the ratio of the film thickness before and after soaking in tetrahyfrofuran (TIff) for 10 min at room temperature. Film thickness was determined by the use of two-beam interferometry with an interference microscope (NANO metrics NANOSPEC/AFT).
Results and Discussion
Five kinds of QA salts were prepared as shown in Table 1 . They were thermally stable to 100 125 °C except QA salts U and V . Their thermal stability depended on the structure of opium groups and the substituents of onium groups. Although the QA salts were stable in a crystalline solid, they were not necessarily stable in a solution. Thus, effect of solvents on their stability was Table 1 Characterization of OA salts.
examined. Figure 1 shows UV spectra of QA salt I in methanol.
It is seen that QA salt I decomposed gradually with time. Table 2 shows half lives of QA salts in various solvents. This result shows that they were stable in acetonitrile, and not stable in methanol and chloroform. Although QA salts II and IV were stable in water, all QA salts were unstable at pH < 7 in water.
QA salt III derived from triethylenediamine (TEDA) having phenacyl moiety was most stable in QA salts I -V . NMR analysis of products in the solvolysis of QA salt I in chloroform showed that N-methylpiperidine was generated in the solvent. This result is almost the same as that of its photolysis[4d], though the rate of solvolysis was very low compared with that of the photolysis. Figure 2 shows the relationship between the irradiation energy and insoluble fraction of PGMA films containing 5 mol % QA salts. PGMA films containing QA salt I -IV became insoluble in THE on UV irradiation.
The film with QA salt V , however, did not become insoluble. The result that the efficiency in the insolubilization of PGMA films with QA salts III and 1V was higher than that with QA salts I and II was thought to be due to the difference of resulting amines.
In conclusion, quaternary ammonium N,N-dimethyldithiocarbamates having phenacyl or naphthoyl-methyl substituents (QA salts I -1V ) have been proved to be good PBGs.
In their photolysis, N-methylpiperidine, N,N'-dimethyl piperazine, or TEDA were generated and they were proved to be effective crosslinkers for PGMA films.
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